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im^^m.} 0003 

[Xiia^XH 2001.02.15 

[^m^dlMW] G06F 

w^9Ji SSI ojayj^sse ^\^B9.\ ^^^i!/5?-ls m& §y d^ 

Ell 01 M 

S^SSll ROUTE LOOKUP AND ROUTING/ FORWARDING TABLE MANAGEMENT 

FOR HIGH-SPEED INTERNET PROTOCOL ROUTER ■ 

[S^Si^^l 1-1998-104271-3 
[LHdl2Jl 

[^S] oia^ 

[Clldl£i3H] 9-1998-000339-8 

[5#^|gj#^£!^l 1999-006038-0 ■ -"^ 

W^9.\ CHOE.Myong Su 

[^Eie^ed^l 590822-1058410 

[oigSi^] 442-470 

[^±1 4=SAI 1044-3 203s 

[^2^1 KR 

US 

[fiSI SHsl 60/ 

[Sil^XH 2000.12.22 

[^SAi^] DIS 



£121 0I2H 
^ (21) 
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20 S 29,000 S 

38 ^ 38.000 
1 2d 26.000 m 

OS OS! 
93.000 

1. S^Ai- SAllAi(SEe)_1S 
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^M^^, A AA sel^^ ^ojoii tcf^ Eflo]^ ^Ei]^ ei-^^ 

£ 6 

IP e]-fEi, tfl<^ll-, iiL-^^^ ^"a. Longest Prefix Matching, ^A^^%: 
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JL^ <?1E-I^j5^s:£# ^-^^s^ ^^^^/S.^]^ ^ Bflo]^ ^e] {ROUTE 

LOOKUP AND ROUTING/FORWARDING TABLE MANAGEMENT FOR HIGH-SPEED INTERNET .PROTOCOL 
ROUTER} 



£ 3^ ^ ^'^<>1 ^-S-* 4^ <dl^(Forwarding Engine)^] 7fl 5^=^01 
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£ 10a, lOb^ ^ <a ^^1<^1<^] ^-el- SBl^i ^o]^] el-f^ efloH-o^ 

£ 11^ ^ ^^1<^1'^] 4€- tfl'^ll- ^^^^ ^M^^o] 

£ 13. 14^ ^ <y ^Aloflofl 14= B^-fM ^-i^ ^ ^^^>7l 

£ 16^ ^ <a ^^]<^]<^] ^^fl ^^^>7l 



^ ^^^^ <?I&i^jl ^Hl^i 4^ (packet)^ ^aj^lS. ^=^^1-71 ^t!: 
(routing) 7l<^o]l JL^^S. IPClnternet Protocol) e1-?-^ 

(routing lookup), ^ tfl^l^ ^tb 
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<i8> ^;^H olE^uji o]^^|.o^ -g-^st-, A-^wl^s] cfoj:^). ^ VoIP(Voice over 

. Internet Protocol) ol-g-^o]: ^c]^ :^o]l ofe^ oiBli-jl -^o)] 7]^]-^^^o] Egflrf 

^<^] ^2fl5)ji o;i4. olo|] olE^u^^c^lAi 2(1^^ sfltg- ^2^;=^!^ ^Al^Hl ^^§>7] 

^^1 7l7l-(Giga) tfl5^-(Tera)^ el-^B] (router 311^ 

^ ^^^Sl- ^1^^ §^0] ^^ xJi\o\] ^^t}c^ i^^^ (forwarding)*!] o> t}^ ^o] 

7l#^ vJi\^S\Sit^. o]^ ^sflA-l z^-z^-o^ ^:s]^ Ol^E^3llo]>,^ :f- 

«fl ^^5]^ 2fl^o^ ^^^1 #ol.tfl7l .^tfl ;g^(5^.^^ ^L^^l'S) Eflo] 

^^]^ e ^t:]-. 1-^ Ji^s^ ^ i-iiM^:|aL -yE^jiiioi^ho^ tfl 

^7>s|- i:-11:Ol(o^ll- -i-cH, POS 0C-192(10 Gbps) IP over DWDM) ^^S.-^ 

^ ^^-^l^^^^l sf^Ei 3ij)^o^ ^^-^ ^ ojs^ ^^s^Aj^oii ^Vcfl^o.^ 

^o>>cl7fl £]^t:f. ^^1 ^^ 7\7\ ^ Eflsl-^^ «-^^(backbone)^ ^^"^^ 

^j7^ oiBl9i^l-oi]A-l tgs. (bottleneck) 2] ^jS. h]^^ ^i^. 

sit!: 7l#^^ ^ ^'^fl^i^ ^i^Hl ^^s)^ el^E ^oi]^-! i, 2, 3, 4. 5«i 

<20> o]oil al-e} I990\4cfl ^tii-ofl oiE-j'^oj 7)^^^^ IETF( Internet 
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Engineering Task Force)<^1^1^, IPv4(IP version4)'Hl'^i 2^ IP^4i* jL-^^-^S ^>-§-sl- 
^ CIDRCClassless Inter-Domain Routing) ^-I^J ::Ll-(working group)^l S 

<2i> o] ^ o.oij c^oj:^ =Le]^^(Prefix) ^oj^ 7>>^lfe sfl^oiiAl tflt^ 5.^1^^* sj-^v 
*>7l ^7l>iE se^^^CLongest Prefix)<^1 ^^1 (matching)s>^ IP^db* 

*>7l ^tiV^^S. :Ee^o](trie)(a^ Patricia trie) ^o]^ ^2:* 7)^0.^ --^V^ 

f-7liE nfl ^1 (Longest Prefix Matching: LPM) ^f-g-^H ^E|:.v • ^1 t!" 

^7l^E nel^^ ufl^l ^AH aJ-Al 5:)>,M ^ 9^^S S^l 

<22> ol^>, ^}7] S. I4r ^7]^E ae^:^i ofl^l ^ Alj laj-^ ol] tfltfl ^ 

^^>7l^ tbl^. s:>7l a 1^ 3L^^^) Eflol^ofl H^-f^ <aSS]^ 

S ^S(*)^ '0' 'I'sl ^;^>s. ol^oi^ <yo^o^ -^-^^1- ^^o]^ 

4. ^=^1* *^ '0*'^ '01*' -Oil*' '010*' i^^H ^E^ol 

<23> 
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IS. 1] 



1 Prefix 


Interface 


1 0* 


100 


1 01010* 


110 


1 010101* 


|10 


1 0101011* 


111 


1 1* 


111 


1 11* 


1 01 


1 10* 


111 


1 1110* 


101 


1 100101011* 


111 


1 100101010* 


1 11 


1 1001010101* 


1 10 



<24> ^ e^-r-S^ •<network pref ix>,<host nuinber>'S. <^1^<>|^ IP <H 

JBsfl^S. S. 1* %i-2:§>oi ^^^] IP <^:^i]]^7} 10010101000.. .0'^ ^ 

tfl«ie ii^, ^is^tb ^^^1 IP ^ ajH^ ^7] e^-^^ Bfo] 

-irofl 7]y(^^ SeI^>i(ol^>, :^^^^] •^sJ^^.'S]- ^l^)<4 tijiii^T^. o]c>\] nfs)- 

•0*', '01010*', '010101*' ^ •0101011*'>B: ^>^^ ^ tilS7> 'O'-^S ^1^^171 nfl^ 

oj], Hs^^i 'ii*', '1110*', ^ '1001010101*'ol ^7] cH:^2ll^5!|- ^ 

^, 'i*', '10*', '100101010*', ^ '1001010101*') ^<^l^i, 'iooioioior*c>i ^71>ie ss]^ 

most specific) "U^] ^-^^S. ^^SjJl, Sfl^ IP o^^efl^l- sfl^ 
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<26> nelc-fl, >y-7lt!: 51--?-^ Eflol^oflA-lo^ ^^JL^^^ 3L#^<y ;^1-S*> 

^-^^ n^]^ i^^^ Efl<^ll-(Forwarding Table)^ ^7l-^s:>£^ 
^T^l^l^H i^t'^'Hl ^1<?!^1^^ Sififl^ ^ ^4. 

<27> c-l^q-, E)-^^ ^S>Hl>«>i(120)'^l^i^ H|-f^ tfloj^o. Memory Access) 

.SE^ IPC( Inter-Processor Communication) 7>JE. .5E.^ ^^^] ^&mi30) f-^ -f-^fl 4 
AfsjcH 5L^^^ <a^5^ iL^^ig Bfloll-ofl ^-g-sj^di^ ojnfl Bl]^ ^S.'?]:^ ^7> ^ 

^eflSlD^, H^-^E]^ nflS-e) ^^ofl tr)-^ cfl^^ Af-g. -^o]] rc]. 

>^H] ^-^^^^ ^^^^» 'link reachability information'* ^>-g-*H 

^<a^>7l ^SflA-]^ AV^ofl ^el^^ ^<^ms ^S** ^^(sorting)^m 

10. 11, 12, 14, 15«i-2-S. ^lAl^ §-^* c^]S. # ^ ^t:!-. 
<29> ^5fl cfli^ o.^ ^>-§-^l-^ cilc>lBl ^2: -a -Radix tree' 'PATRICIA trie'^ 

2l-fBl#S.^Bl ^Ml«^l «]:<^e>7l ^^a^^ ^g" 

^tb 73A](update)^l^o] ^^^cf. 
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<30> 10^^ ^2: ^^<^1 tij-fif ^o], lulea universi ty'<Hl^i ^ i^-)^ 

<a^<^l^i 3.7] iflcH] 7}^^^ ^^^H^v no]^^ ^]Al5^>^^l'L>, *!r^^ 

S. tflollrS] ^«^*>7l^ ^fj^l-cl-. 11^ A]^]^ a>Sl- ^o] , - 

Srinivasan et al .'o] ;5l]A]sJ- 'controlled prefix expansion'^ (o]^ ^^s:>cx^ 

uj^s-^ ;^16,011,795J:7}- George Varghesesq- Srinivasan Venkatacharyc>fl Tfl ^o^5|o1 ^ 
■%■) ^ 13^ ^^<^1 ^1^1^ w><4 ^o]^ Tzeng et al .*<^1 •4''^% ^^IL^^^ 3.A]^. 
•multi-resolution trie'«»fl l}"^^!^!^, :&e^-olo^ ^^^^J" 

^7> ^ ^A]7\ ^o]^^] ^cf. ^1^^^ ;^16.061,712^ §^ ^16.067,574 

:£7> Hong-Yi Tzengoll7ll ^c»^S)o1 S^c^-. ^7] 14 tl, 15^ ^^^1 ^1^1^ ^ 

'Waldvogel et al.'^l ^^]% 'rope search"^ Jl 5] ^JE. 7l^a^o.S. JjuVo.^ 
^^Hhashing)* >^>-§-3rl-^ c>l ^1 ^^<^1 cfltt ^J-tl^^*^}^!^ ^ 
o] tijjL^^^a^ ^]^^^ ^ $XA. ^^*l-c^A^ T^]-^^*] ^] 6, 018, 524^7} Jonathan 

Turner, George Varghese, ^ Marcel Waldvogel«^l7ll ^<^SlcH 

# 16^ ^^<^1 t^>^ ^ol. 'two trie'* <^l-§-^ 'route lookups' 

9^ -DP-J^el-cl'S. ^^^1^^ 7>7^^^1'?]:, ef^ 

<32> «>:^$)H^O.S ^Bl*l-7l ^IJ-'^S ^SSjOj^C-j] Zl ^1-71 19 

^ ^^<H1 7flAl^ w>a]. i:fl-§-^^ DRAM A]-g-^ ^f-^!: ^^^^o] ^^lAj^o^cf. o]^^^ «j- 
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IPv4lr cH^l^>7l 7M^<?1 128wlM2^ o^JBefl^* IPv6( Internet Protocol 

version 6)-^^ ^ ^^]^ ^]S.^^:^}2\ -g-^ JE^ 7>^ ^9] ^^S. °m ^ 

CAM(Content Addressable Memory)^ ^l-§-^><^ srf^^flo^ ^ o.^. ^^^>7l ^1 
^isl^^!'?]:. -^^ ^^17> 9X'^ €^fl^ ^s^sl^l ^Ji SZcf. t}7] 21^ 7flAi 
^ ^-Br, 'Huang et al.'^ ^]S.^ ^o]7] 3|-ol =el-^,(pipeline) 

^o_s. 6n^^]^ ^ 4. -indirect lookup"^:iiEl^^ 0.14^ ^a] 

<33> rcl-BfA-] ^ ^T^o^ ^^^^#(randomized) ^JUS^^^ ><>>-§-^H ^^tl:^ 

v]]S.^ A]:^^ 7>:^li^ ^3.^^ :^^]^ Af-g-^ ^I^^Vfe Jl^ IP ef-fB^^ 

^ojofl :^^s:>7fl. # ^sl^i ^o]o]l 45^. ^#(sorting)Si'^l Bl-^^ 

<36> A^7]^ ^^^s:}7l ^^l-C^ ^ ^^S] ;5fll S-^Hl Ill-Sig^ ^5^^^ ^ o] i^o^ 
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« <?lE-1''jl^^£« ^^511^ ^^-^^ •i^'^ofl SX'^^^, ^ifl 

^l* ^^fe i^^^q-, ^^^^^ 7>^^) 71* 

^^^s]^ el^^l- <^l-§-^* ^^1^^ 

>S-7] e^^Eofl ^^*>^ ^^J^lf, 5.5:1^^ ^^<^1 ^fl^^l-^ Z\ iz^oflA-l z^-z]-o^ ^ 

^<^1<H1 ^^sr>^ SEl^:i '^^7> ^^^^ ic.:^* 

^5^jslo^, z]- i^jBoflA^ z^z^ se^^^i ^oloj] rcf^ gflA] Eflo]^ ^Efls. e)- 

-f^ <?ame^7> X-l^J-S]^ BliM€ ^]-%r^ H|-f^ Bfloj^o^ Sl-fM ^.^o^] ^o^A-^ , 

5:1 ^E Si ;H]lii^oilA-l^El Al^l-sVo^ ti^t!: #<^f7V^ 4^^. ^'S- 
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rq-^o^ ^^i^v o.s:^E^ '^^-^^fl^ ^<5m. 
^>7l ^^oflA-^^ ^^1- -^4 ^>*J-#^1 M-e)-i4j7 0^0.14^ 

7>^ ^HlTfl^ ^V^l- ^^14. 

^w^}jL 9X^. <=>]^^^ ^ i^^^ ^^i<^i 

<43> £ 1^ ^ ^^o] a^-g-^ ^ oj^ 'a^lS^i. e}-fBlo^ 7fl5^:^ol 

Forwarding Engine)c>l ^^^^ S-l-dine card module) (110)^1-, 2:7] ^ 
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efl<^ll-(RT) ^ 21-^^ Eflo]^^ ^2l^>^ B^-^^ (routing 

processor) (120) ^ sfl^ol ^^^] ^<=>ll^i iM(port)^ ^>-§-^^ 

(switch fabric)(130)^S. =?-^^^r^., 
<44> ^7] s]--^^ ^^>Hl^i(120)^ ^-^^ tflcll-(RT)^ ^ 

«1t!r4. ^91 2--i:(110)<^l^-1 z^- ^L^^'g '^^(FE)^ e^-f^ ^^^^il^i (120)^ e^-^^ 
5LS.J&^(RIP. OSPF, BGP4^)S.^B-1 ^J^^ ^ ^b]^ e}-?-^ Bflo]^ <g«. 

(field)<^l ^^>^^ 3l^^«?1 ^^-^ ^t^l ^<?>€ S-^^^ tfloll:(FT: Forwarding 
Table)* ^wltVtq-. o]b\^J. tflol^(FT)^ ^^^1 ^4 

iH]o]E-1 9X^^, ^^^^1 5E^ ^^]^ ^^^]^ ^]mL^ al 

S.#^^ ^Jl Sit:]-. 

<45> n><^ e}.oi 2.^(llO)<^l afl^o] i^:]^ Bllo]^(FT)<Hl^i 

^^^1: ^ 5lly.s3(i30)* el--?-^ S^4^i(120)^ 

o]^^H -^i *<^i^-i ^-^^ n<^m(m^ ^^*h ^^^is. 7>7] ei-^ 

^1 sflw.sjdso) ^ 51-01 9}^ 2.1-(110)* ^^^o]^^. ^7] 51--^^ 

SS>^fl^-1(120)«Hl>^i Eflol^CRT)!: #«flAi£ ^fl^s)^ ^^1" ^ 

<46> %S el^iE ^ 6^ &^(Bell Labs) ^ 4^ ^^(BBN)oll^ 

^2:* 5l-fBlSl 7ll5f^ol ^2:£oli:l-. £ 2«^1 ^ laVSi^- 

s]-4-E-loilAl^ i^jjtg Bflol^(FT)# ^ i^^^ <ai^(112)ol s^-o] 7]-^ J^l-(llO) 
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cHlAi ^s. ^els)^ o]e-lt!: ^1 ^ S^^^ ^^(112)0)1^-1 t§ ^ 

^^sl ^ 51--^:^ ^"^^ ^^y] ^«fl ^ ^-iwi 7]^$] s-^i^ oi^tb^. 

<47> oia|^ ej-o.^ ^S>H1^-1(120)«^]^-151 5l-f^ Bflo)^^ ^e^l ^S. ^^ojl cfltb ^ 

(incoming) ^^A-Br ^^^] 3£|| ^.^ (130)^ ^^<^ e^-f^ SSA-flA-l(i20)oll :e.vfl ^ , 
^]^^}7] -S-^^^ ^7^91 ^S* ti>ol3q]^i(bypassing)o)l 

<49> 3E 3^ ^7] 7]^^ W>sq- ^Sl- S^-fEiollA-lo^ 5£^^Tg 

'a^(<^l» *<H, 112)^ 7fl^^o.s. t+Bl-ifli^, £ 4^ ^ ^-§-51^ 
^ H^4^1(120)^ 7l]e^=^^ M-Bi-^flc^-. i 3# ^S^l-ig S.^]^ ^^(112) 

^ ^lEi3f)lol^( input interfacel, 2...n)sf t:f^^ #^ ^1 ol^(output 

interfacel, 2...m)S 7>^H , ^B^jjUoI^a,^ sfl^^ y^sJl^^V^ c]-^^ 

iH3)(buffer)5q-. n\^o\] x-^^^ sj)^^ -g-^tS. SEfe ^^tS ^^^V^ afl^ ^^7] 

(packet classifier)^^, ^^-]^ Bflol^ ^ ^7] sfl^ «.s.7|o)]a-1 ^^sjo^ ^ 

(route lookup) ^l<H-^» ^altbcf. 
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<50> £ 41- ^S^V^, e}^^ i^^il^i(120)^ ^7] £ 1 ^ 5. 2<H1 

(input/output interfaced 2...n)si\-, cf^S] <a/#^ <yE-la|lo]^s^ »1^^.^>o^ 

<51> tt^, B^-O.^ tflo]^ S^ Bfloll:^ ^Afl^ ^l-^^^ol 

tiflKarray), M5:|(tree) S^ J^ef^Ktrie) i4^7] ^«fl <M-j7e)^^ 

^>-§-^m ^^^l ifl^^i^ ^^2? S.^ ^€ ^^^^ RFCs<HlA^^ >l]o^o] o^rf. rfi?]: ^ 

<52> ^ ^^<^1>H^ ^*y:*>^ ^^-^l^* ^Jiall^( randomized 

algorithm)^ <^l-§-t!:i^. ^Jiel#^ ^Jis^^o] 

4. 71^ £^ 1^*1] ^ ^^(well-behaved) ^ ^ 9X^ 

^^^^^ Sl#^^<^1 
51--?-^ i-^^ Efloi^s] ^4=)^ <aMel 
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n=- 9X^^ t!r^. ^'^}-^<?l E.^ o]^ EB^ojsif e|-f E 

^ ^^^^ ""^^^^^ £ 5<>11 a>a^- ^o] ^^x] ip o^^ 

Efl'^CtaiOofl^i^Bl ^7]^^ ^Sj^rfil- ^-i^^rVTfl ^Cf. 

^ 22«i2^ 7l\M^ 'W. Pugh'<Hl e|^E(skip 

list)# <^l-g-tb^. 

<55> 2l^:E(skip list)^ ^^^(sorted) i^:E.* B]iH(linked list) 

-balanced tree'l- tflAis>^ yC>S^2:^ -g-£«fl ^l-§-^ ^ tcj-s^-A-^ , ^ 

^ s^^J^^ i:fli^<?l 'balanced tree'(<^l» s>7] al^^ ^ 23«1 

€-^<^l 7llAl^ tifcq- *Sleator'5il- Tarjan'«^l ^ll^]^ 'Splay tree')<^l €-^1 

<56> ^ ^'^<^1>H^ ^7l5i- S^>iS7> ^Jl ^^>^<^1 ^7l>iE ^E]^^ 

i^B^Ulongest prefix matching)*!! ^^t3r n^SS ^S.-^ e!^M(variant 

of skip list)!- ^l^ttbi^f. 

<57> £ 6^ -g- ^^^^ <a ^Alo^H n:)-s el^iEo] ^2::£o]c]-. £ 6* #S 

*>Tg, 4 i^=(node)^ 1=1-^^ 7}^ ^ 9X^^. €^ aJ^^^ i^H. 

1- a^in-l ii:E.(header node)(210)H!- (searching), ^7}, 

(operation)^ ^lt:i ic^(210)<HlAi-^B^ ^]^^^. 

<58> £ 6^ #2:3r>^, i:::=(210)s1 7l(key)^ +oooln^ z]- ^=(220, 230, 240, 
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250. 260)^ ^MS. ^^(sorting)^^ <^ ^ ^ ^e^^i ^Jo] 

^^(prefix length range) ^ (clustering)-^S. Hl-sj-i]^^^ 

^( leaves )<Hl^i^Bl #7l(parent)^ ^^W. 
<59> ^ «i;5^ll i:.^(220)^ 32~24^ ^ej^^ii ^o] ^Ji ^o.n^ gfltg- ^^^o]] 

table)^ £ 6^ i^:^(220)^ ^^^] ^^}^ ^-^^^ «fl 

^1 Efl^^ll:^ ^]S.^^ Sel^^^ ^o]7l- 30alM<y ^a] Eflol^(222)2)- ^«>l7> 24 

yljEo] ^A] Eflol^(224)ol £A]S]J7 oicf. 17-122^ SE^l^r^^ ^o] ufl 

Jt:^(240)^ '^^•^l ^*>^ ^^1 e)io]^o^ c^^^^^ sel^Hi ^^]7} 15H1 

^A] B|lo]^(242)o] iAlslJl oxt\-. 

<60> :£ 6<^1 ^^1 ^ ^^1<^1<^1^-1 Hel^^ ^^Ife 

^$^0.14, o]^oll:£ 7>^51 ^ol# 5}-^ i^^o^ lll-(group)-^S ^ Sir]-. • 

Srinivasan3z}- Varghes'-^l ll^<^lAife ^^l^e^^ 

^tb SSJiBfl^J (dynamic programming)* a|-S-^>5!^.. ^ ^"^^ ^^]<^1<^1 

£ 6<^] S-^l^ w>s>)- ^o] ^ ^^s^ ^^l^l^^l^i^ ssl^i 
^o] ^}^^^}^. -^^ ^S-ZLsfl^oMl ^7>^«y ^lA). 

<61> <:^1^ :i.o^, IPv4<^l'^i ^^^^ ^o] ^^7} 891 ^■^^]^. ^1^1 i^:^* 5L^B:>c«^ 
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(skewed distribution)^ ^^^^ ^o]o]]a-1 2)]^ 
(locality pattern)* ^7] ^^o\] , o]:e.cf icJE.* A>-g-^l-^ 

^S. 7>^§ ^ ^t^. <^]# -i-ol £ 7a, 7b« %i-S^>^ ^^^^ ^^]7} 17<^^^ 2791 

^^7} 7]-^ ^o.^ u)-E^-l4^C-l], ojofl ir)-^}- gflx^ iS^^-^ 

"^^^ ^^^^ ^o] 71 ii^:^!: ^>M-^ ^^s^lJi -f-^^ ^s)^ 

>h ^o] i^^ol] i^jE.!- ^^^1 cf^jfl ^^^><^ ^^^^ ^ $Jt:1-. 

<62> cfA] :£ 6* %S«>^. ^1^1 2ii^(210)^ 'MaxLevel'^ al^M^ll 3. 

^ ^1- M-^'^^. ^ ic^:^^ 7] •x->key'^ 3L"?lBl •x->forward[L](x iiJE-S-^B] o] 

Level-L i^:^^ ^L^E^)-* ^cf. 
<63> olnfl, ^ ^tgo^ S-^Hl tc|-e|- >a-7l 7] ^o] 1^0^ ^^(set)^! 

^o] ^cf. £ 62] c^M^I, ^Ic] ii^(210) ^^2^ ^ ^^Ij 2i^:^(220)«=>llAi^ 32^B] 24 

e)^^ ^o]^ z^-z^-o^ sflA] Bflo]^^ 5.^^^-. ^11^1 no]^^ se^^^ofl ^ 

^s]^^ ^ol7> «fl^ i:::^^ 32<Hl>«>i 24^7>xl 97fl5l Bflo]^^ 7>e^7l^ 

<64> o]e^^ >,?g el^M* o]^^]-^ ^ ^■^o\] of^ <^^ji^^o\] o]^^ ^ 
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S. 8^ ^S^>^, h^^^ eflt iit 'MaxLevel'ol 50] cf. ^jD] i^s. 

^ el^E iflo] jg_s. i^coi] c)]^ i=f^t>l<>> ^}7] nfl^<^l, IPv4^ 

<^1^, i^}7] 71^51^ ^1: ^^^^^ p=l/2«a ^-f ) 232oil ^^V^ el-f:^^ 71-^ no]B\ 
^S-g-^^ 'MaxLevel = 32'7l- MaxLevel7Bsl i£<yEll- 7]-^ 

<66> ^ ^t^o) ^Ali^loflA-l^ SSl^ifx 7>^^0.^ 

m^]^^]^ ^o^^^l ^1^^^. # SBl^^ ^o]7]- 32^ ^-f 

■T Ji^^ ^^^7} 891 ^A^S. MaxLevel'^l 4^ ^]d\h^S.7} ^^^4 

^ S.91^7} 'null'*^!^. ^ b^^S] i^E-joll ^l^tb i:.^7> ^7lls:>^] 

^fl^sli:^, 511^^ ell'i ai:^7l- 'O'ol € ^^i^cf. 9^ (a)l- ^ 

2:*>^, Sel^i ^o] ^o] .^ll- s-o^^ 32~24S ^11i^^7> ^g^^^ ^ ^IC] 

ii^.'HlAi ell^OS^ i£<aB^^ ;^lli^:^* 7>E]^c^-. 0]:^ £. 90^ (b) ^ (c)<Hl S-A]^ w>5il- 

^o] SEi^^, ^^7} 23-18<y ;^l2ii:^ ^ ^el^^ :^o] ^^7} 17-12^ ;*ll3ii^ 

<68> olufl A^A^^ z]-z^-o] 2^^0:1 5)1^^ ^Sii^ 3<^1^i ^o] ^ 
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^v^^ ^^lofl ^^ovjj^^^j^ o\^^c^ ^^^^ o.^ ^A^i^^. 

^%d\ MaxLevemcf ^^a] tfli^ i^^s^ efl'i^ ^7]-^ ne^sr]-;^! ^-^<^)^ 
511 1 0^* ir-^l- ^5^^t!:cf. 

<69> 6\9\. :^6\^ el^EoflA-l se)^^ '^^'^l T^^^ t!: ^°11. a)-T-M «fl 

^el^i ^ol7l- 30<?1 e^-?-:^^ 51-^ ;g^ofl cfl^ ^ lOa* 1:^ ^'^s^V^lS lVv\, 

<70> £ lOa* %^^^]-^, el>^Eoi]A-l se^^i ^^7> 32-24^ ;Hlli^JB(220)7V ^ 

«fl^ se^^^i ^oHl n)-ef 2^-7] cf^ sflA] Eflo]^^ 7>^t:}. -^^tl: ^^Hl t^-el-, 
£ 10b<^l wl-Sj- ^^^7]- 17~12<y 2i^=(240)s:Hl^i Sel^^ ^<^l7l- 

15^ «I1A1 ^I<5ll-<^1 ^^^^m^S., ^<:>17> 15<y 5l-^-M7> ^71-^ ^ ^c^-. 

<71> o]^% Eflo]-!- AJJA^ ^;^>s. ^^1^0.^ ^^^^ IE lOoll £A]^ t3> 

^7^. lla^^l<^l>| ^^tJ e^riMxfl^ ic.:^!- t\.^ =^ ^ 
tfl eHKMaxLeveO* 7>^ ^Ic] o]^ llh^:^M^^^ jl^ ^e) 

i^^l- 7]-^ i::J=7> ^j-71 S^^Eol] ^oj^Cf. ^7] llb^^loflAi^ ^^^^ 

^ ^£ Sicf. o]^ iic^;^HlA-i^ ^^c]] }^^<=]]^^ ^2^^ ^cH^ 
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E <aMel» ^^1 n<']^<=>] ^<§^J€T=f. ^ 'i-'^'Hl^i^ ^efl^ ^^^^ Mb) a 

<72> tb^, 01-0.01] e^^E-IS^f-Ei ^AjS ^^1 

tbcf. o]^]^ ^^flo] 5^o.^(^^ Hflol^ofl al-<^s)o]o> ^o] u]-^ 

^t}v^. oleltb ^ja] ^<^c;\] cfl^H <^1^> :£ 12»^Ss:H ^^^V^js 

tb^l-. ^<H^ el-fM» e^-^^ ^joll-oll ^^H, ^^-1 12a^;^]ollAi ^ 

E]^^ ^ol7> ^a^lsr}^ b:.B.^ ^^^W- ^1^ 12b^^l^]^i^ H}^ 

^, <^1S 12c^;^l<^]^-1 ^^^><^ 12d^^lM ^19^4. i2d^;^l«^l^ife ^^-«fl^l Bfl 
o]^ i^o] 75A]^ Sl^ ^^IW. '?]:^ tfl<^ll:^ ^^m^] ^ 

# 12c^7)lo11^i ^<?1*><^ 12e^:^lM 12e^7)]oiMi^ 

<73> S. 13, 14^ z]-z]- ^ ^^o] <g ^Alc^lofl 4^ ^ 3)-;^^ ^ig^} 

7] £^<^li=f. £ 13^ %S*l-<^ ^e1^:i ^<^l7> 15^ £)-fM2] 

^(210)^1 ^^^^ 511 ^(5fl^ 4)<HlAi^Bl Al2}-*>r:l-(£ 13^ (1)^^]). ^7] nd\ i^:^ 
(210)^1 Ell'i^ ^el^^i ^o] ^^7} 8~19l iiJE.(260)» ^cfc^ 30] 

(2)^711). oi^ #o>:^ ii:^(280))^ ssl^^ ^o] ^-?lsi- s)-^Eoi ^e)^^ 
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^^o]^ ^^o] ^^J^rf. 7] ^o] o^^^^Y^^ ^ o.^ v^:e.(210)S^ 511 

tt^^l nf^ efl^S] i<yE-l^ ^^^^ ^o] i^^7> 17~12'^1 ic:B(240)* 

7}^^]>\] 13^ (3), (4). (5)^:^1). ii:B(240)oflAi ef^S^I 

S5]^^ 7^ola}. ^^1*>^ *BAl Z]]o]M.6\] ^E]:^^7> ^^^^^fC^ 13^ (6), (7), (8)^ 
^1). "^l:^^ ^^1 Eflol^o] ^^l]5>;^] ^O.ig. ^7] B-lloll-^ Afl^o. s^-o ^7].^].:£^ 

<74> £ M'^]^ ^(hop) ^BliEilol>^7> '1V91 111011... r ^^^^^7} SflA] Bljo]^ 

-^7] £ 13^1] uZf^Sf -R-A>^>7fl 

<75>, ojel- ^1-71 1!: ^ ^^^1 IP <HH.5lliSl 

<76> S. 15^ ^ 'a ^^1<^1<=>11 i^B^'^cf. ^^i 15a 

^^l<^1^i^ IP ^lt:-1<Hl (encapsulated) ^<H^ ^^^1 <H^s)]>xo)l cfl^fl, 

>iiiiz^7> ^^^tq-. <H-=eiiis|- z^- ^]]o]M.c,] 

<77> ole^sV £ 151- ^2:S>o^ :a.cV ^4€rl ^^^]-^. ^V7l 15b^7ll<Hl A-^ «|] 

A] Eflo]^^ ^^-^sr>Q^ I5c^;^l^l^i n'=>]^<=>] ^^11 i5c^;^l<HlAi n^l^m 

15d^:^lS. ^^*>J1 -a^l^V^ €flAl Eflol^o^ #^11 15h^;^lS ^«ltbi=f. 15d^ 
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^iS-^i E^^ (return) 

a13)-b:>^ ^^3)-^ ^Bl, ;^>^l /5flAl Bflo]^oflA-l ^7]>iE 1^^^«.E^ 
<79> :£ 16^ ^ ^^^5] <y ^Ajc^jofl rt)-^ ^^-ll 3^^^ ^^*>7l £^<^1 

i=f. s. i6<^l^i^ ^<^l7V '1110101... ^^^1 <H^sil^^ "^l 

<80> ol;^^ ^7l<Hl 91^^ w>^ ^ol el^E<H]A-1 ^^^1 <H 

}t=.(210)<^]Al eH^iol Osflt^M ^4i€i=1-(5. 16S1 (2)^;^!). ^8^1l;•^ }ii:b(210) 

^ 3L<aEi7> 7]-El7l^ ;^llii^(220)l- Tl^lTfl €T=1-(£ 16^ (3)^;^]). ^hz.^ 
(220)<HlAi ^z], nej^i ^ol7V 30 [2]<y sflA] Eflol^(222)ol ^^x] oj:^efl>,s^ 

tiljsi^rfcs 16^1 (4)^;^!). o]el^ ^;^l<^lAi c^^^]^^ :£ 17 

<H1 £A]^ w>5!^- ^EJl ^^^1 olJE.sfl^oi]Ai LSB(Least Significant Bit)^-^E-1 iti] 
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i^f^ ^lli^^(220)<^lAi ^E)^>i ^ol7l- 2691 ^}^]^ *fl^l tfl<^ll-(224)* ajiS^ 

T^^^^. ^ll}r:^(220)oflAi ^<^ol ^S}|5:>^ o]^ el^MojlA-^ 

jEoiE-]^ cf^ ;^l2i^:B(230)» 7]-&)7l7ll ^cf. o]^ ^7] ;«]l2ir^(230)<>ll^ 'Haiti: «fl^l 

(240)S. oi:^§>7ll 16^ (6)^7jl). o]«: >ll3ii^:^(240)^Mi J£ ^7] ;*llli^^(220) 

w]S i:e^oi >il7l^ ^^^1 cH^ell^iSsl- sel^^ ^^l7l- 1591 tflo]^o^ tijiiiy]- 
oj^oi^cf. o]5it!: wjiiioii o:i5il ^^l7l- ^>-S*>^, ^o] 150] ^tg- tflA] Bflo] 

l-<HlAi *7l>::E 5Lel^>z7> ^^^^S 16^^ (8)^;^!). ofl ^-el- Bl-^E ^^o] 
^^^^^^ 

<82> ni;^-] s:].7i n^:^.^ i_ 2, 3^ ej^Eo;! ^^o]] ^ojrf. 
<83> [^SZL^ 1 : Buildup operation] 
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<84> 



var px: bitstring init i/C/; (* prefix *) 
interface: integer init 0; (* next hop interface *) 
W: integer init 32; (* # of address bits, IPv4 *) 
k: integer init 8; (* fixed prefix range, e.g., 8 *); 
hrange: integer init W; {* upper bound of prefix range *) 
Irange: integer init W — k-^-l; {* lower bound of prefix range *) 
MaxLevel: integer init {lg(W/k)]] (* assuming 1/2 *) 

Buildup{list). (* constructing a skip list *) 
begin 

L:^[W/k]; 
while > 0 do 

Insert-Node (list, hrange, Irange); 
L : = L - 1; 
hrange := Irange - 1; 
Irange := Irange - k + 1; 
end while 

end 



<85> 



[S-S-ZL^ 2 : Inserting a node in a skip list] 



<86> Insert JVode{listy hrange^ Irange) (* inserting a node *) 

begin 

update[0. .MaxLevel] ; 

X := list header; 

for i := list level downto 0 do 

while [hrange, Irange] ^ x forward[i] — > key do 

a; := X — > f orward[i]; 
end while 
update[i] := x; 
end for 

X := X forwardlO]; 
if [hrange, Irange] E x key then 
X value := [hrange^ lrange]\ 

else 

V := RandomLevel(); 
if u > list -> level then 

for i := list level -h 1 to v do 
update[i] := list header; 

end for 

list — > level := v; 
end if 

X := MakeNode(Vy[hrangey Irange]); 
for « := 0 to level do 

X — > forward[i] := update[i] forward[i]; 

update[i] — ► forward[i] := x; 
end for 
end if 

end 



<87> 



[i^^^ 3 : Randomizing level] 
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RandomLevelQ (* randomly deciding a level of a node *) 
begin 

V := 0; 

r := Random (); (* r 6 [0, 1) *) 
while r <p and v < MaxLevel do 

V := v+1; 
end while 
return v; 

end 

<89> "srl-71 iSZl^ 4, 5, 6, 7^ E]>:::eo1]^-1 E}^^ ^<=§d\] 

<90> [^SZL^ 4 : Search operation] 



<91> 



Search{list,px) (* searching for a node with prefix px in a skip list *) -•"ainc '^r loae w.il 

begin 

X := list -> header] 

for i := -> ievef downto 0 do . -r^^ 

while px ^ X forward[i] key do 
X := 2; — > /orti;ard[i]; 

end while 
end for 

X := X -> forward[0]; 
if X — > fcej/ = px then 

for j := hrange downto Irange-l do - "-^/'r 

if hash-get {j,px) then 

return hash*get (jypx); 
end if 
end for 
return error^ 
end if 

end 

<92> 5: Insert operation] 
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Insert{listyprefix, interface) (* inserting a route entry *) 
begin 

if search (list, prefix) then 

hash-insert {prefix winter face); 

else 

return error] 
end if 

end 



<94> [SSZL^ 6 : Delete operation] 

<95> 

Delete{listy pre fix y inter face) (* deleting a route entry *) 
begin 

if search {list, prefix) then 

hash-delete {prefix, interface); 

else 

return error; 
end if 

end 

<96> [SSzi^ 7 : Update a route entry] 

<97> Update(listyprefix J inter face) (* updating a route entry *) 

begin 

if search (list^ prefix) then 

hash- update (prefix, interface); 

else 

return error; 
end if 

end 

<98> ^}7] ^^ZL^ 8^ ^^<=>fl ^^1^. 

<99> [^^n^ 8 : Lookup operation] 
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Lookup{listydestaddr) (* looking for a route with the longest prefix *) 
begin 

X := list header] 

X := a: — > forward[0]; 

for i := [VK/A;] downto 0 do 

for j := hrange downto Irange-l do 

if compare(des^oddr,hash-get(j, destaddr)) then 

return hash-get (j,desiaddr); 
end if 
end for 

ar := X — > forwardli]] 
end for 
return error; 



1=1-. £ 7a, 7b^ <yBi^ji ^^^l^rii ^o] ^^o]] cfl^ ^^^]# M-B^^fl ZLSfl^o] 

Bf . 7a ^ 7b^ nefl^oil ^^"d ^^-11^1^1^ i^jl>^}-611 i:!!:^^^^. ^ 

^^^"i: ^^^f^ IPMAClnternet Performance Measurement and Analysis) ^^^^S 
<^l^i MAE-EAST^ PAIX NAPCNetwork Access Point)<^l^i Sej^^ ^ 

<i02> iPMA SS4^:^oi]A-l ^^t!: i^fl^lB]^ el-fM 7M^>^ <a 

^^^1- Aj-j: tiljii ^>^^>^ ^e! MAE-EAST NAP<^1 

^^1] ^-f:^ i^^H ^S. cflii^S- 7l^(backbone) ^^B]^ 

SA-^ A>-g-^rf. zi^lJl PAIX NAP^ ^;^fl IPMA ^S4^:^<H1a-1 ^d^i^ ^flM 

Hi* i^^>Jl SIA^ <aH.'l^s1-ol^(enterprise) ^-fB]^ S.^^^ ^l-§-^lBf. 

<i03> £ 7a ^ 7b^ ^sfl^<^l £A]^ tiV^ ^o] ^^l7V 16-28^ ^ 7H^ ^o] 

%^S7l- M-Bfifl^ ^^^^ ^zflBi (locality pattern)^ :^<^ ^^f. tcfe^-A-^ o]s]^ 



end 



<101> 



^r^ofl rcj-§ E]-^^ i^j-Alo^ jr^^^ ^^^l-7l^ ^ 
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^ ^o^^cf. llo\]^j ^^1 IPMA(24^ H 4€- ^1^]^ 

l,899,851(1997id ll€ 1^ ^^'^)'^] ^tti^. 25 prefix-updates/sec* ^ 

^^^tb ^<^1H e1-f^ is^^^l- el)ol^ i^^^ Efloj^ofl Ai 

^ ^71 s tfl^ alia "tZLEl^^ ^^e1*>^# 

-S-^S]^ A]^ SE^ ^>-§-^]-^ n]lS-e|oi] tfltt 'worst-case complexity (Big-0 notation-* 
^]-g-)'» ^1-^ tijiiitlri:]-. ^^i, N7fl^ oflM5:)7> ^7])*>J7. z]- o^^efl^^ S^*> 

7l ^^^i^ W7flsl 01:^511^ «lM7l- ^^sjn^. sl^A^ ^^(constaht)* 

(complexity)!- ^-El-iflS^cf. - - 



<105> [s. 2] 
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<106> >^7l S 2<=>\]^^ ^^--g-cfl^C logarithm with base = 10)sf P^]-<^cfl^ (natural logarithm 

= logarithm with base e)^s] ^-^^ ^1*1-71 ^sfl^i, log2(base7]- 2<y c]^^)^ IgS. a 

<i07> IFV4«^Mi^ ol^ellrfi His 4^ 32*H1 «11^£]J1 IPv6<Hl^i^ 128<Hl ^^t!:^. 

MAP-EAST PAIX<Hl^i^ cfle^=^ o.^ el-fS <?3lS5^ ^ 50,0004 6,000<Hl «fl 

^€^1-. k^, ^ ^^<^1A-1 5l:±:HO^ ^^ofl. ^Sl^^i ^ -ig^* 8 

-,1^ oje). €r>5i* "fl IPv4^1^i^ 47> sln^ IPv6<^l'^i^ 160] ^cf. 

, <108> ^^7]^ «l-4 ^^1, ^ ^'^^ 7l#sl o]^ ^Afl Ee:i(binary search tree) ^ Me^- 
- oifi]. ojo] ^A}^ ^^(<=^11- -i:^. 'Patricia' 'LC-tr ies')<Hl wlsfl^i Eflo]^o:i 

^7> ^ AMI* tiling xi|) ^-^^^ t ^ ^cf. <5>^el, tilia^ o^Efsl «g: - 
JL^^c]] ^3]^ ^A^Aj^o] ^>^^ 'Binary hash table search(14^ &tl)' ^ 'Complete- • 
prefix triedS^ &*1)'<^1 ^^^1^ ^ ^7} ^^^lo^l ^<H^i:£ ^ 

9X^. ZL s^o\] sl^MCpure skip list)<>ll cflt!- vi]M^]o\]s. 

<109> ^Mtb «l-4 ^^1, ^ ^ ^* <y:JlS^#<y ^ 

HB^7> :±i^a Hl^Sl- Ol-g-^ «j-Al^ ^^tb^ ^S^^-^A]^ 

. <^l5lt}- ^ ^^^^ El-fB]o]lA-l IPv6^ ^-f«ll£ ^^^>7ll ^-§- 
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^^]^M tl^^^ ^^1 '^He} ^^^^^ ^^^^^ 5 

<iii> >^7lt!- w>sq- ^o], ^ ^T^^ 7]^<H1. ;^llA]^ o^E^- al^ e^-f^ tflo] 

- SE^ ^^^Eflo^ E^^B\ ^2iS. 7>^ ^ ^-^floIjA] ^^oll ^^]^ i^^xg Bflol 

■ - 1:^ ^11^^^ (re-build up)<>l <i>\d ^7> ^ ^ 

^V^jo^ ^^¥*j=^i- ^ W QoS. 'gEl?!]^!^. IPSec -^^ ^<^1 ^^^-el 



<ii2> [^s. e)^:^] 

<ii3> 1, Keshav, S. and Sharma, R. , Issues and Trends in Router Design, IEEE 
Communications Magazine, pages 144-151, May, 1998. 

2. Kumar, V. and Lakshman, T. and Stiliadis, D. , Beyond Best Effort: Router 



53-32 



1020010007568 2001/3/2 

Architectures for the Differentiated Services of Tomorrow's Internet, , pages 
152-164, May, 1998. 

3. Chan, H., Alnuweiri, H. and Leung, V., A Framework for Optimizing the Cost 

and Performance of Next -General ion IP Routers, IEEE Journal of Selected Areas in 

Communications, Vol. 17, No. 6, pages 1013-1029, June 1999. 
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